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DETECTION OF FERMENTATION-RELATED MICROORGANISMS 

Field of the Invention 
The present invention relates to assays to detect fermentation-related 
5 microorganisms. 

Description of the Related Art 
In traditional winemaking, the indigenous yeasts ferment the grape must. 
Most modem winemakers, however, inoculate witii a pure culture of a selected yeast 
10 strain to ensure a rapid, reliable and predictable fermentation. It is thought that 
indigenous yeasts are suppressed by the competitive effect of addition of a high-density 
monoculture, but some evidence suggests that indigenous yeast can still participate in the 
fermentation. A range of commercial yeasts with different winemaking characteristics 
is available, and a number of those yeast strains may be used in a single winery. 
Furthermore, unwanted microorganisms may be present which lead to spoilage. 
Therefore, there is a need for a rapid, simple and accurate method for identifying 
microorganisms in starter cultures and fermentations. 

Past techniques for detecting and identifyiiig fermentation-related 
microorganisms, especially yeast, include colony morphology, femientationperfomiance, 
sugar fermentation tests, tolerance to various stresses (e.g., ethanol tolerance) phenotypes 
with functional relevance (e.g., flocculation) nutritional requirements (e.g., oxygen), and 
resistance and sensitivity levels of cycloheximide. These methods, however, have 
numerous disadvantages, including lengthy analysis periods, inability to differentiate, 
e.g., different strains of yeast, and lack of reproducibility. 

Recent developments in molecixlar biology and protein chemistiy have 
provided new metiiods for identifying microorganisms, including DNA restriction 
fragment length polymorphisms, protein electirophoresis pattems and chromosome 
fingerprinting. Such techniques have been used for identifying fermentation-related 
microorganisms. See, for example, Casey et al.. Journal of the American Society of 
Brewing Chemists, 48(3): 100-106, 1990; Degre et al., American Journal ofEnology and 
Viticulture, 40(4):309-315, 1989; Guillamon et al.. Systematic and Applied Microbiology, 
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19:122-132, 1992; Hoeben et al.. Current Genetics, 10:371-379, 1986; Mozina et al.. 
Letters in Applied Microbiology, 24(4):31 1-315, 1997; Paffetti et al.. Research 
Microbiology, 146:587-594, 1995; Panchal et al., Journal of the Institute of Brewing, 
93:325-327, 1987; Querol et al.. Systematic and Applied Microbiology, 15:439-446, 
5 1992; Vezinhet et al.. Applied Microbiology and Biotechnology, 32:568-571, 1990; and 
Vezinhet et al., American Journal of Etiology and Viticulture, 43(l):83-86, 1992. 

Polymerase chain reaction (PCR)-based techniques have also been used 
to detect fermentation-related microorgamsms. See, for example, DeBairos Lopes et al.. 
Applied and Environmental Microbiology, 62(1 2):45 14-4520, 1996; Fell, Molecular 

10 Marine Biology and Biotechnology, 2(3):174-180, 1993; Fell, Journal of Industrial 
Microbiology, 14(6):475-477, 1995; Ibeas et al.. Applied and Environmental 
Microbiology, 62(3):998-1003, 1996; Lavallee et al., American Journal ofEnology and 
Viticulture, 45(1):86-91, 1994; Lieckfeldt et al.. Journal of Basic Microbiology, 
33(6):413-425, 1993; and Ness et al., J Sci. FoodAgric, 62:89-94, 1993. 

15 Ribosomal genes are suitable for use as molecular probe targets because 

of their high copy number. Non-transcribed and transcribed spacer sequences associated 
with ribosomal genes are usually poorly conserved and, thus, are advantageously used as 
target sequences for the detection of recent evolutionary divergence. Fungal rRNA genes 
are organized in units. Each unit encodes mature subunits of 18S, 5.8S, and 28S rRNA. 

20 The internal transcribed spacer (ITS) region lies between the 1 8S and 28S rRNA genes 
and contains two variable non-coding spacers (referred to as ITSl and ITS2) and the 5.8S 
rRNA gene (White et al., 1990; hi: PCR Protocols; Eds.: hmes et al.; pages 315-322). 
In addition, the transcriptional units are separated by non-transcribed spacer sequences 
(NTSs). The ITS and NTS sequences are particularly suitable for the detection of 

25 different fungal pathogens. 

Kimieda et al. {Applied and Environmental Microbiology, 
62(8):2947-2952, 1996) describes use of PCR to ampUfy ribosomal DNA internal 
transcribed spacers in order to differentiate species of Aspergillus Section Flavi. The 
rrSl-5.8S-nS2 region was ampUfied using universal primers, and the PCR product 

30 analyzed by the principle of single-strand conformation polymorphism. In addition. 
Gardes et al. (hi: Methods in Molecular Biology, Vol SO. Species Diagnostics Protocols: 



10 
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PCR and Other Nucleic Acid Methods, Ed. J.P. Clapp, Humana Press, Totowa, NJ, 
(1996) pp. 177-186) describes restriction fragment length polymorphism (RFLP) analysis 
of fungal ITS regions amplified by PGR. 

The PGR amplification of fimgal ITS has also been described using other 
than universal primers. These methods allow for more specificity in identifying classes 
of fungi, or particular species of firngi. Thus, Gardes and Bruns (Molecular Ecology, 
2:113-118, 1993) identified ITS primers which allow differentiation of DNA from 
basidiomycetes against ascomycete DNA. Identification of specific species has been 
observed using PGR primers directed to unique sequences in the ITSl and/or ITS2 
regions of fimgal pathogens. See, for example, Hamelin et al., Applied and 
Environmental Microbiology, 62(1 1):4026-403 1, 1996; Mazzola et al.. Phytopathology, 
86(4):354-360, 1996; O'Gonnanet al., Canadian Journal of Botany, 72:342-346, 1994; 
and U.S. Patent No. 5,585,238 to Ligon et al. 

Of interest to the present application is tiie disclosure of PCT International 
15 Application US99/0425 1 based on U.S. Application Serial No. 09/037,990 which relates 
to ohgonucleotide primers for the ITS of ribosomal RNA gene regions of fermentation- 
related microorganisms such as Botrytis cinerea, Penicillium, Brettanomyces/Dekkera,.. 
Saccharomyces, Hanseniaspora/Kloeckera, Candida krusei/lssatchenkia orientalis, 
Pichia Huyveri, Pichia anomala/Candida pelliculosa, Debaryomyces carsonii, and 
20 Saccharomycodes ludwigii. Also of interest to the present apphcation is the disclosure 
of PCT International Apphcation US98/25219 based on U.S. Apphcation Serial No. 
08/986,727 which relates to ohgonucleotide primers for the ITS of ribosomal RNA gene 
regions of fimgal pathogens such as those that infect grape plants. 

The present invention addresses the problem of detecting and identifying 
25 fermentation-related microorganisms by PCR-based techniques. 

Summary of the Invention 
The present invention, is directed to tiie identification of different 
fermentation-related microorganisms, particularly those involved in the production of 
30 wine. The present invention provides DNA sequences which exhibit variability between 
different fermentation-related microorganisms. In particular, the present invention 



wo 01/53316 PCT/USOl/01458 

-4- 

identifies regions of DNA sequence located in the internal transcribed spacer (ITS) of the 
ribosomal RNA gene regions of various fennentationrrelated microorganisms. Primers 
derived from the ITS can be used in polymerase chain reaction (PCR)-based and other 
diagnostic assays to determine the presence or absence of specific fermentation-related 
5 microorganisms, including those involved in the production of wine. The primers can 
also be used as molecular probes to detect the presence of target DNA. 

Thus, in one aspect, the present invention provides an isolated double 
stranded nucleic acid of the full length ITSl or ITS2 region of a feimentation-related 
microorganism. More particularly, the DNA sequence is selected from among Sequence 

10' ID NOS: 6 to 1 5 and their complementary sequences. 

Id another aspect, the present invention provides an oligonucleotide primer 
for identification of a fermentation-related microorganism, wherein the primer is a 
divergent portion of the ITSl or ITS2 region of a feimentation-related microorganism. 
More particularly, the oligonucleotide primer is selected from among Sequence ID NOS: 

15 16 to 24. Firrthermore, the ohgonucleotide primers may be selected from among 
sequences which contain at least 10 contiguous nucleotide bases from one of SEQ ID 
NOS: 16 to 24, primers which contain at least 10 contiguous nucleotide bases frora^ one 
of SEQ ID NOS: 16 to 24 contiguous with 1 to 15 flanking nucleotide bases in the 5' 
and/or 3' direction of SEQ ID NOS: 6 to 15, and primers of 10 nucleotide bases or longer 

20 which contain at least 5 contiguous nucleotide bases from one of SEQ ID NOS : 1 6 to 24 
contiguous with from 1 to 15 flanking nucleotide bases in the 5' and/or 3' direction of 
SEQ ID NOS: 6 to 15. A pair of the foregoing oligonucleotide primers for use in the 
amplification-based detection of an ITS of a fermentation-related microorganism is also 
provided. 

2^ In yet another aspect, a method is provided for detection of a 

fermentation-related microorganism which comprises: (a) obtaining DNA from a fimgal 
culture or colony isolated from a fermentation, or from an organism present in a 
fermentation beverage; (b) amplifying a part of the ITS of the fennentation-related 
microorganism using the DNA as a template in a polymerase chain reaction with the 

30 aforementioned oligonucleotide primers; and (c) detecting the amplified part of the ITS 
sequence to determine whether the fermentation-related micioorganism is present. 
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In still another aspect, kits are provided which are useful in detecting 
fermentation-related microorganisms comprising one or more containers, at least one of 
which comprise an oligonucleotide primer or a pair of ohgonucleotide primers according 
to the invention. 

5 

Brief Desc ription of the Sequences in the Sequence Listing: 
SEQ ID NO: 1 DNA sequence for the mtemal transcribed spacer of 

Metschnikowia pulcherrima. 
SEQ ID NO: 2 DNA sequence for the internal transcribed spacer of Candida 

10 stellata. 

SEQ ID NO: 3 DNA sequence for the internal transcribed spacer of 

Zygosaccharomyces bailii. 
SEQ ID NO: 4 DNA sequence for the mtemal transcribed spacer of 

Kluyveromyces thermotolerans. 
15 SEQ ID NO: 5 DNA sequence for the intemal transcribed spacer of Torulaspora 

delbruecJdi. 

SEQ ID NO: 6 DNA sequence for the ITS 1 of Metschnikowia pulcherrima^ 

SEQ ID NO: 7 DNA sequence for the ITS2 of Metschnikowia pulcherrima. 

SEQ ID NO: 8 DNA sequence for the ITSl of Candida stellata. 
20 SEQ ID NO: 9 DNA sequence for the ITS2 of Candida stellata. 

SEQ ID NO: 10 DNA sequence for the ITS 1 of Zygosaccharomyces bailii. 

SEQ ID NO: 1 1 DNA sequence for the ITS2 of Zygosaccharomyces bailii. 

SEQ ID NO: 12 DNA sequence for the ITS 1 of Kluyveromyces thermotolerans. 

SEQ ID NO: 1 3 DNA sequence for the ITS2 of Kluyveromyces thermotolerans. 
25 SEQ ID NO: 14 DNA sequence for the ITSl of Torulaspora delbrueckii. 

SEQ ID NO: 1 5 DNA sequence for the ITS2 of Torulaspora delbrueckii. 

SEQ ID NO: 16 Oligonucleotide Sequence MXL258. 

SEQ ID NO: 1 7 Oligonucleotide Sequence MXL268. 

SEQ ID NO: 1 8 ^ Oligonucleotide Sequence CsF. 
30 SEQ ID NO: 19 Ohgonucleotide Sequence CsR. 

SEQ ID NO: 20 Ohgonucleotide Sequence QAZl 65. 
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SEQ ID NO: 2 1 Oligonucleotide Sequence qAZ622. 

SEQ ID NO: 22 Oligonucleotide Sequence GSZ450 

SEQ ID NO: 23 Oligonucleotide Sequence TdFl 

SEQ ID NO: 24 OUgonucleotide Sequence TdRl 

5 SEQ ID NO: 25 Oligonucleotide Sequence ITS5. 

SEQ ID NO: 26 Oligonucleotide Sequence ITS4. 

Detailed D escription Of The Invention 
The present invention provides unique DNA sequences which are useful 

10 in identifying fermentation-related microorganisms. These unique DNA sequences can 
be used as primers in PCR-based analysis for the identification of fermentation-related 
microorganisms, or as molecular probes to detect the presence of DNA from 
fermentation-related microorganisms. The DNA sequences of the present invention 
include the internal transcribed spacer (ITS) of the ribosomal RNA gene regions of 

1 5 specific fermentation-related microorganisms, as well as primers that are derived from 
these regions which are capable of identifying the particular microorganism. 

The DNA sequences of the invention are from the ITS of the ribosomal 
RNA gene region of fermentation-related microorganisms. However, the present 
invention is not limited to detecting the presence of the microorganisms in fermentation 

20 operations, i.e., the mvention can be used to detect the presence of such microorganisms 
from any source. There is variability in the ITS DNA sequences from different 
microorganisms. The ITS sequences can be aligned and compared. Primers can be 
designed based on regions within the ITS regions that contain the greatest differences in 
sequence among the fermentation-related microorganisms. The sequences and primers. 

25 based on these sequences can be used to identify specific micit)organisms. 

DNA sequences of particular interest mclude ITS DNA sequences from 
Metschnikowia sp., especially Metschnikowia pulcherrima (anamorph Candida 
pulcherrima); Zygosaccharomyces sp., especially Zygosaccharomyces bailii; 
Kluyveromyces sp., especially ^/Kyvewmycas thermotolerans; Candida sp., especially 

30 Candida stellata and Torulaspora sp., especially Torulaspora delbruecMi (anamoiph 
Candida colliculosa). The ITS DNA sequences, as well as primers of interest, are set 



wo 01/53316 PCT/USOl/01458 

-7- 

forth in SEQUENCE ID NOS: 1-24. The sequences are useful in PCR-based 
identification of fermentation-related microorganisms. 

Methods for use of the primer sequences of the invention in PGR analysis 
are well known in the art. For example, see U.S. Patent Nos. 4,683,195; 4,683,202 and 
5 5,585,238, the contents of all of which are hereby incorporated by reference. 

The primer sequences of the invention can also be used as molecular 
probes to detect the presence of target DNA. The T„ for the primers ranges from about 
48-58 °C at 50 mM salt. The hybridization temperature is appix)ximately 5-10 °C below 
the melting temperature. Thus, the primers are hybridized to target DNA typically at a 

10 temperature ranging from about 43-55 °C. Final wash conditions generally range from 
about 45-55 °C at about 36 mM salt concentration. Specific hybridization as used herein 
means the use of a final high stringency wash in about 0.2X SSPE (salt concentration of 
about 36 mM) at a temperature appropriate for the particular primer. IX SSPE contains 
10 mM NaH2P04, 180 mM NaCl, and 1 mM EDTA, at pH 7.4. 

15 The ITS DNA sequences of the present invention can be cloned from 

fermentation-related microorganisms by methods known in the art. hi general, the 
methods for the isolation ofDNA from microorganism isolates are known. See,Raeder 
et al.. Letters in Applied Microbiology, 2:17-20, 1985; Lee et al.. Fungal Genetics 
Newsletter. 35:23-24, 1990; and Lee et al.. In: PCR Protocols: A Guide to Methods: and 

20 Applications, Innes et al. (Eds.); pages 282-287, 1990; the contents of all of which are 
hereby incorporated by reference. 

Alternatively, the ITS regions of interest can be identified by PCR 
amplification. Primers to amplify the entire ITS region can be synthesized according to 
White et al. (1990; Jn PCR Protocols; Eds.: Innes et al., pages 315-322, the contents of 

25 which are hereby incorporated by reference). 

The ITS sequences were determined and the sequences were compared to 
locate divergences which might be usefial to test in PCR to distinguish the different 
fermentation-related microorganisms. The sequences of the ITS regions which were 
determined are shown as Sequence ID NOS: 1 to 5. The DNA sequences for the ITSl 

30 and rrS2 regions are shown as Sequence ID NOS: 6 to 15. From the identification of 
divergences,, numerous primers were synthesized and tested in PCR-amphfication. 



wo 01/53316 PCT/USOl/01458 

-8- 

Purified microorganism DNA and DNA isolated from fermentation cultures and colonies 
were used as templates for PCR-amplification. Thus, pairs of diagnostic primers were 
identified, i.e., those which identified one particular fermentation-related microorganism 
species. Preferred primer combinations are able to distinguish between the different 
5 microorganisms in, for example, fermentation cultures. Primer sequences are set forth 
in Sequence ID NOS: 16 to 24. Thus, while oUgonucleotide primers selected from 
among Sequence E) NOS: 16 to 24 are preferred, primers may also be used which 
contain at least 10 contiguous nucleotide bases from one of SEQ ID NOS: 16 to 24. 
Additionally, primers maybe used which contain at least 10 contiguous nucleotide bases 

10 from one of SEQ ID NOS: 16 to 24 contiguous with 1 to 15 flanking nucleotide bases in 
the 5' and/or 3' direction of corresponding SEQ ID NOS: 6 to 15, and primers of 10 
nucleotide bases or longer which contain at least 5 contiguous nucleotide bases from one 
of SEQ ID NOS: 16 to 24 contiguous with from 1 to 15 flanking nucleotide bases in the 
5' and/or 3' direction of corresponding SEQ ID NOS: 6 to 15. 

The present invention provides numerous diagnostic primer combinations. 
The primers of the invention are designed based on sequence differences among the 
microorganism ITS regions. A minimum of one base pair difference between sequences 
can permit design of a discriminatory primer. In general, primers should have a 
theoretical melting temperatiire between about 55 °C to about 65 °C to achieve good> 

20 sensitivity, and should be void of significant secondary stiucture and 3' overlaps between 
primer combinations. Primers are generally at least about 10 nucleotide bases, more 
preferably at least about 15 to about 20 nucleotide bases. 

The oligonucleotide primers of the present invention are particularly 
usefiil in detecting microorganisms involved in fermentations, in particular, 

25 microorganisms selected from among Metschnikowia sp., especially Metschnikowia 
pulcherrima (anamorph Candida pulcherrimd); Zygosaccharomyces sp., especially 
Zygosaccharomyces bailii; Kluyveromyces sp., especially Kluyverdmyces 
thermotolerans; Candida sp., especially Candida stellata and Torulaspora sp., especially 
Torulaspora delbrueckii (anamoiph Candida colliculosa). However, the primers of the 

30 present invention can also be used to detect the presence of the foregoing microorganisms 
from any source. 
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The present invention also relates to the preparation of "kits" containing 
elements for detecting fermentation-related microorganisms. Such a kit may comprise 
a carrier to receive therein one or more containers, such as tubes or vials. Unlabeled or 
detectably labeled oligonucleotide primers may be contained in one or more of the 
5 containers. The oligonucleotide primers may be present in lyophilized form, or in an 
appropriate buffer. One or more enzymes or reagents for use m PGR reactions may be 
contained in one or more of the containers. The enzymes or reagents may be present 
alone or in admixture, and in lyophilized form or in appropriate buffers. The kit may also 
contain any other component necessary for carrying out the present invention, such as 

10 buffers, extraction agents, enzymes, pipettes, plates, nucleic acids, nucleoside 
triphosphates, filter paper, gel materials, transfer materials, and autoradiography suppUes. 

The examples below illustrate typical experimental protocols which can 
be used in the isolation of ITS sequences, the selection of suitable primer sequences, the 
testing of primers for selective and diagnostic efficacy, and the use of such primers to 

15 detect the presence of a fermentation-related microorganism. Such examples are 
provided by way of illustration and not by way of hmitation. 



Example 1 
Culture of Yeast and Fungal Isolates 

20 

Viable isolates of Candida stellata, Kluyveromyces thermotolerans, 
Metschnikowia pulcherrima, Torulaspora delbrueckiU Zygosaccharomyces bailii, 
Brettanomyces brwcellensis, Candida par apsilosis, Candida tropicalis, Hanseniaspora 
uvarum, Pichia anomala, Saccharomyces cerevisiae, Zygosaccharomyces bisporus, and 
25 Zygosaccharomyces cidri were obtained from the E & J Gallo Winery, the Gallo of 
Sonoma Winery, the American Type Culture Collection (ATCC) or the Centraalbureau 
voor Schimmelcultures, The Netheriands (see Table 1). Yeasts were grown on any of 
several media of choice. 
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Amplification and Sequencing of the Internal Transcribed Spacer (US) Regions 

The internal transcribed spacer region was amplified from the different 
5 isolates directly from the yeast colony using ITS5 
(5'-GGAAGTAAAAGTCGTAACAAGG-3'; SEQ ID NO: 25) and rrS4 
(5'-TCCTCCGCTTATTGATATGC-3'; SEQ ID NO: 26). A sterile pipette tip was used 
to scrape a small amount of colony off of the plate and deposited into a 200-/^1 
microcentrifuge tube containing 5 fil each of GeneAmp® lOX PCR Buffer (PE AppUed 
10 Biosystems, Foster City, CA; part no. N808-0160), 0.2 mM each of dATP, dCTP, dGTP, 

® 

and dTTP (GeneAmp dNTPs; PE AppUed Biosystems, Foster City, CA; part no. 
N808-0007), approximately 25 pmoleZ/il each of ITSS and ITS4, and 2.5 Units 
AmpliTaq DNA polymerase (PE Applied Biosystems; part no. N808-01 60). Reactions 
were run for 35 cycles of 30 s at 94°C, 40 s at 58°C, and 2 min at 72 °C, followed by a 

15 final elongation step at 72°C for 10 min, on a Perkin Ehner GeneAmp® PCR System 
9700 (PE Applied Biosystems), PCR products were purified using QIAquick® PCR 
Purification Kits (Qiagen Inc., Santa Clarita, CA) to remove any excess primers, 
nucleotides, and polymerases. Five microliters of the purified PCR products were run 
on a 1.2% agarose gel with 5 ^1 of pGEM-3Zf(+) double-stranded DNA Cbntrol 

20 Template (0.2 g/L, PE Applied Biosystems) to approximate concentrations. All products 
were sequenced using the primers ITSS and ITS4 (see sequences above; White et al., 
1990; In: PCR Protocols; Eds.: limes et al. pp. 315-322). Sequencing was performed on 
an PE Applied Biosystems 377 Automated DNA Sequencer® using ABI PRISM™ 
dRhodamme Terminator Cycle Sequencing Ready Reaction Kits® (PE Applied 

25 Biosystems; part no. 403044). Cycle sequencing products were run over Centri-Sep® 
spin columns (Princeton Separations, Inc., Adelphia, NJ) to remove excess primers, 
dye-labeled terminators, nucleotides, and polymerases before being run on the automated 
sequencer. 
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Example 3 
Selection of Species-Specific Primers 

The ITS sequences of the Metschnikowia sp., especially Metschnikowia 
5 pulcherrima (anamorph Candida pulcherrima); Zygosaccharomyces sp., especially 
Aygosaccharomycees bailii; Kluyveromyces sp., especially Kluyveromyces 
thermotolerans; Candida sp., especially Candida steUata and Tonilaspora sp., especially 
Torulaspora delbrueckii (anamorph Candida coHiculosa) isolates were ahgned and 
primers were designed using Oligo 5.0 (National Biosciences, Inc., Plymouth, MM) in 
10 regions of maximum sequence difference between the target species. (See Table 2) 

Example 4 
Primer Synthesis 

15 Primers were synthesized on an Applied Biosystems 394 DNA/RNA 

Synthesizer usmg phosphoramidite chemistry. 

Example 5 

Verification of Primer Specificity to Target Species 

20 

Different annealing temperatures were tested to determine the optimal 
temperature for PGR for individual primers, hi cases with multiple species-specific 
primers, different primer combinations were used to determine the best primer 
combination and annealing temperature to ampUfy a single species-specific DNA 
25 firagment Species-specific amplification products were produced firom primers designed 
firom the ITS region between the 18S and 28S ribosomal DNA subunits of each yeast 
species of interest. 

Species-specific primers were tested against other yeast species to confinn 
their failure to ampHfy targets in those species. Specifically, the Metschnikowia 
30 pulcherrima-speci&c primers (SEQ ID NOs: 16 and 17) were tested in various 
combinations with and without primers ITS5 (SEQ ID NO: 25) and ITS4 (SEQ ID NO: 
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26) against the following species (Candida stellata, Kluyveromyces thermotolerans, 
Torulaspora delbrueckii, Zygqsaccharomyces bailii, Brettanomyces bnaellensis, 
Candida parapsilosis, Candida tropicalis, Hanseniaspora uvarum, Pichia anomala, 
Saccharomyces cerevisiae, Zygosaccharomyces bisporus, and Zygosaccharomyces cidri) 
5 and did not amplify targets in those species. 

Further, the Candida stellata-specific primers (SEQ ID NOs: 18 and 19) 
were tested in various combinations with and without primers ITS5 (SEQ ID NO: 25) and 
rrS4 (SEQ ID NO: 26) against the following species (Kluyveromyces ihermotolerans, 
Metschnikowia pulcherrima, Torulaspora delbrueckii, Zygosaccharomyces bailii, 

10 Brettanomyces brwcellensis, Candida parapsilosis, Candida tropicalis, Hanseniaspora 
uvarum, Pichia anomala, Saccharomyces cerevisiae, Zygosaccharomyces bisporus, and 
Zygosaccharomyces cidri ) and did not ampHfy targets in those species. 

Further, the Zygosaccharomyces bailii-spea&c primers (SEQ ID NOs: 20 
and 21) were tested m various combinations with and without primers 1184 (SEQ ID NO: 

15 26) and ITSS (SEQ ID NO: 25) against the following species (Candida stellata, 
Kluyveromyces ihermotolerans, Metschnikowia pulcherrima, Torulaspora delbrueckii, 
Brettanomyces bruxellensis, Candida parapsilosis, Candida tropicalis, Hanseniaspora 
uvarum, Pichia anomala, Saccharomyces cerevisiae, Zygosaccharomyces bisporus, and 
Zygosaccharomyces cidri ) and did not amplify targets in those species. 

Further, the Kluyveromyces thermotolerans-specific primer (SEQ ID 
NO:22) was tested with 1X85 (SEQ ID NO: 26) against the following species (Candida 
stellata, Metschnikowia pulcherrima, Torulaspora delbrueckii, Zygosaccharomyces 
bailii, Brettanomyces bruxellensis, Candida parapsilosis, Candida tropicalis, 
Hanseniaspora uvarum, Pichia anomala, Saccharomyces cerevisiae, Zygosaccharomyces 

25 bisporus, and Zygosaccharomyces cidri ) and did not amplify targets in those species. 

Finally, the Torulaspora delbrueckii-specific primers (SEQ ID NOs: 23 
and 24) were tested in various combinations with and without primers ITS4 (SEQ ID NO: 
26) and ITS5 (SEQ ID NO: 24) against the following species (Candida stellata, 
Kluyveromyces thermotolerans, Metschnikowia pulcherrima, Zygosaccharomyces bailii, 

30 Brettanomyces bruxellensis, Candida parapsilosis, Candida tropicalis, Hanseniaspora 
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uvanim, Pichia anomala, Saccharomyces cerevisiae, Zygosaccharomyces bispoms, and 
Zygosaccharomyces cidri ) and did not amplify targets in those species. 

Example 6 

5 , Utilization of ITS sequences as diagnostic probes to hybridize with target DNA 

1 . Put chosen concentration of DNA sample in 1 00 ul of TE, pH 7.0. 

2. Add 0. 1 volume of 3.0 M NaOH, vortex to mix and incubate at 
65 °C for 20 min to destroy the RNA and denature the DNA. 

10 3. Spin down condensation. Allow samples to cool to room temp. 

Neutralize by adding 1.0 volume [110 yul] of 2M ammonium acetate, pH 7.0, vortex to 
mix. Spin down to remove solution off of cap. Refrigerate until slot blot apparatus is 
ready. 

4. Apply to 220 fx\ slot-blot apparatus according to manufacturer's 

15 protocol. 

5. Label ITS sequence probe according to kit manufacturer's 
recommendation. 

6. Prehybridizeblotsinl.O%BSA lmMEDTA,0.5MNaHPO4,pH 
7.2, 7.0% sodium dodecyl sulfate for a minimum of 2 hr prior to adding the probe, and 

20 then hybridize for 16 hr at 45 °C. Initial washes consist of two 30-min washes in IX 
SSPE/0. 1% SDS at 50°C. Transfer blots to a plastic tray and wash in IX SSPE for 1 hr, 
at 50 °C with shaking. The final wash should, consist of 1 5 min at 50 °C in 0.2X SSPE. 

While the invention has been described in detail and with reference to 
25 specific embodmients thereof, it will be apparent to one skilled in the art that various 
changes and modifications can be made therein without departing from the spirit and 
scope thereof. 
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Table 1 
Sources of test isolates 


Species name 


E) number 


Source 


Candida stellata 


CBS157 


CBS^ 


Candida stellata 


CBS2649 


CBS 


Candida stellata 


GS056 


Gallo of Sonoma^ 


Candida stellata 


GSlll 


Gallo of Sonoma 


Candida stellata 


GS128 


Gallo of Sonoma 


Candida stellata 


GS174 


Gallo of Sonoma 


Kluyveromyces thermotolerans 


GS003 


Gallo of Sonoma 


Klicyverojnyces thermotolerans 


GS104 


Gallo of Sonoma 


Kluyveromyces thermotolerans 


GS119 


Gallo of Sonoma 


Kluyveromyces thermotolerans 


GS127 


Gallo of Sonoma 


Kluyveromyces thermotolerans 


GS132 


Gallo of Sonoma 


Kluyveromyces thermotolerans 


GS137 


Gallo of Sonoma 


Kluyveromyces thermotolerans 


GS138 


Gallo of Sonoma 


Kluyveromyces thermotolerans 


GS166 


Gallo of Sonoma 


Metschnikowia pulcherrima 


GS002 


Gallo of Sonoma 


Metschnikowia pulcherrima 


GSOll 


Gallo of Sonoma 


Metschnikowia pulcherrima 


GS018 


Gallo of Sonoma 


Metschnikowia pulcherrima 


GS024 


Gallo of Sonoma 


Metschnikowia pulcherrima 


GS030 


Gallo of Sonoma 


Metschnikowia pulcherrima 


GS043 


Gallo of Sonoma 


Metschnikowia pulcherrima 


GS055 


Gallo of Sonoma 


Metschnikowia pulcheirima 


GS066 


Gallo of Sonoma 


Torulaspora delbrueckii 


GS038 


Gallo of Sonoma 


Torulaspora delbrueckii 


NSl-3 


Gallo of Sonoma 
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Table 1 
Sources of test isolates 


Species name 


ID number 


Source 


Torulaspora delbrueckii 


NSl-5 


Gallo of Sonoma 


Tomlaspora delbmeckii 


NSl-9 


Gallo of Sonoma 


Torulaspora delbrueckii 


NSl-11 


Gallo of Sonoma 


Torulaspora delbrueckii 


NSl-16 


Gallo of Sonoma 


Torulaspora delbniecldi 


NSM9 


Gallo of Sonoma 


Zygosaccharomyces bailii 


QA17 


E & J Gallo Winer/ 


Zygosaccharomyces bailii _ 


QA30 


E & J Gallo Winery 


Zygosaccharomyces bailii 


QA31 


E & J Gallo Winery 


Zygosaccharomyces bailii 


QA48 


E & J Gallo Winery 


Zygosaccharomyces bailii 


QA57 


E & J Gallo Winerv 


Brettanomyces bnaellensis 


Y153 


E & J Gallo Winerv 


Candida parapsilosis 


QA45 


E & J Gallo Winerv 


Candida tropicalis 


QA44 


E & J GaUo Winery 


Hanseniaspora uvarum 


GS014 


Gallo of Sonoma 


Pinchia anomala 


34080 


ATCC* 


Saccharomyces cerevisiae 


GS084 


Gallo of Sonoma 


Zygosaccharomyces bisporus 


Y476 


Gallo of Sonoma 


Zygosaccharomyces cidri 


36238 


ATCC 



' Centraalbureau voor Schimmelcultures, The Netherlands 

^ Gallo of Sonoma Winery, Healdsburg, CA, USA 

^ E & J Gallo Winery, Modesto, CA, USA 

"American Type Culture Collection, Rockville, MD, USA 
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Table 2 


Target Organism 


PnTner l^flmp 


i jLiiuer oequcncc 


Metschnikowia 
pulcheirima 


MXL258 


5'-AAGCAGGACCAAACCGGAGG- 
3'(SEQIDN0: 16) 


Metschnikowia 

DHlchpTfimn 

fy vtitl^^/ tC'f 1 III 1 lr%A> 


MXL268 


5'-TATTAGGCCGAAGCAGGACC-3' 

(oJiC^ ID JNO: 17) 


ddndidd sifpllntn 




o - 

TTTGCCAAAACCACTGTGAACA- 
3'(SEQIDNO:18) 


Candida stellata 


CsR 


5 '-TTTAAAGATTGGGCGCCTTTC- 
3'(SEQIDNO:19) 


Zygosaccharomyces 
bailii 


QAZ165 


5'-TGGGAGGATGGGTTCGTC-3' 
(SEQ ID NO: 20) 


bailii 




i -uClATCACTCACCCAATCTC-3 
(SEQ ID NO: 21) 


Kluyveromyces 
themiotolerans 


QSZ450 


5 '-CCTCAGTCAGCAACAGCC-3' 
CSEO ID NO- 29^ 

^UX-/V^ JUL/ ANVy. 


Torulaspora 
delbrueckii 


TdFl 


5'- 

CTATATGAATGAAGTTAGAGGAC 
GTCTAAAGAT-3' (SEQ ID NO: 23) 


Torulaspora 
delbrueckii 


TdRl 


5'- 

GGAAGCACGCACAAGACGTATC- 
3' (SEQ ID NO: 24) 
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We claim: 

1 . An isolated double stranded nucleic acid selected from the group 
consisting of SEQ ID NOS: 6 to 15 and their complementary sequences. 

5 

2. An isolated nucleic acid which specifically hybridizes with the 
nucleic acid of claim 1. 

3. An oligonucleotide sequence for identification of a 
1 0 fermentation-related microorganism, wherein said sequence is selected from the group 

consisting of SEQ ID NOS: 16 to 24. 

4. An oligonucleotide primer which is a fragment of tiie sequences 
according to claim 3, and which ^ecifically hybridizes to the ITSl or ITS2 of 

1 5 Metschnikowiapulchenirna', Zygosaccharomyces bailii; Kluyveromyces thermotolerans; 
Cajidida stellata and Torulaspora delbrueckii. 

5. An oligonucleotide primer for identification of a 
fermentation-related microorganism, wherein said primer is selected from the group 

20 consisting of primers which contain at least 10 contiguous nucleotide bases from one of 
SEQ ID NOS: 16 to 24, primers which contain at least 10 contiguous nucleotide bases 
from one of SEQ ID NOS: 16 to 24 contiguous with 1 to 15 flanking nucleotide bases in 
the 5' and/or 3' direction of SEQ ID NOS: 6 to 15, and primers of 10 nucleotide bases or 
longer which contain at least 5 contiguous nucleotide bases from one of SEQ ID NOS: 

25 16 to 24 contiguous with from 1 to 15 flanking nucleotide bases in the 5' and/or 3' 
direction of SEQ ID NOS : 6 to 1 5 . 
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6. A pair of oligonucleotide primers for use in the 
amplification-based detection of an internal transcribed spacer sequence of a 
fermentation-related microorganism, wherein the primers are selected from the group 
consisting of primers which contain at least 10 contiguous nucleotide bases from one of 

5 SEQ ID NOS: 1 6 to 24, primers which contain at least 10 contiguous nucleotide bases 
from one of SEQ ID NOS; 16 to 24 contiguous with 1 to 15 flanking nucleotide bases in 
the 5' and/or 3' direction of SEQ ID NOS: 6 to 15, and primers of 10 nucleotide bases or 
longer which contain at least 5 contiguous nucleotide bases from one of SEQ ID NOS: 
16 to 24 contiguous with from 1 to 15 flanking nucleotide bases in the 5' and/or 3' 
1 0 direction of SEQ ID NOS : 6 to 1 5. 

7. The pair ofoUgonucleotide primers according to claim 6 which 
comprises SEQ ID NO: 16 and SEQ ID NO: 17. 

8. The pair of oligonucleotide primers according to claim 6 which 
comprises SEQ ID NO: 18 and SEQ ID NO: 19. 

9. The pair of oligonucleotide primers according to claim 6 which 
comprises SEQ ID NO: 20 and SEQ ID NO: 21 , 

20 

1 0. The pair of ohgonucleotide primers according to claim 6 which 
comprises SEQ ID NO: 23 and SEQ ID NO: 24. 

11. A method for detection of a fermentation-related microorganism 

25 comprising: 

(a) obtaining DNA from a fimgal culture or colony isolated from a 
fermentation, or from an organism present in a fermentation beverage; 

(b) amplifying a part of the internal franscribed spacer sequence of 
said feraientation-related microorganism using said DNA as a template in a polymerase 

30 chain reaction with a pair of oligonucleotide primers according to claim 6; and 
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(c) detecting said amplified part of the internal transcribed spacer 
sequence to detqmine whether said fermentation-related microorganism is present. 

12. The method according to claim 11, wherein said 
5 fementation-related microorganism is selected from the group consisting of 

Metschnikowiapulcherrima; Zygosaccharomyces bailii; Kluyveromyces thennotolerans; 
Candida stellata and Torulaspora delbrueddi. 

13. The method according to claim 12, wherein said fermentation 
10 culture or fermentation beverage is a wine fennentation culture or wine fennentation 

beverage. 

14. The method according to claim 12, wherein the pair of 
ohgonucleotide primers comprises SEQ K) NO: 16 and SEQ ID NO: 17. 

15 

15. The method according to claim 12, wherein the pair of 
oligonucleotide primers comprises SEQ ID NO: 18 and SEQ ID NO: 19. 

16. The method according to claim 12, wherein the pair of 
20 ohgonucleotide primers comprises SEQ ID NO: 20 and SEQ ID NO: 21 . 

17. The method according to claim 12, wherein the pair of 
ohgonucleotide primers comprises SEQ ID NO: 23 and SEQ ID NO: 24. 

18. A kit comprising a carrier to receive therein one or more 
containers, at least one of said containers comprising an oligonucleotide primer according 
to claim 5. 



19. A kit comprising a carrier to receive therein one or more 
containers, at least one of said containers comprising a pair of ohgonucleotide primers 
according to claim 6. 
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AMENDED CLAIMS 

[received by the International Bureau on 27 April 2001 (27.04.01); 
original claims 1 and 2 amended; remaining claims unchanged (1 page)] 

1. An isolated double stranded nucleic acid which consists of a member 
from the group consisting of SEQ ID NOS: 6 to 9 and 12 to 13 and its complementaiy 
sequence. 

2. An isolated nucleic acid wWch specifically hybridizes with a nucleic 
acid selected from the group consisting of SEQ ID NOS: 6 to 9 and their complementary 
sequences. 



3. An oligonucleotide sequMce for identification of a 
fermentation-related microorganism, wherein said sequence is selected from the group 
consisting of SEQ ID NOS: 16 to 24. 



4. An oligonucleotide primer which is a fragment of the sequences 
according to claim 3, and which specifically hybridizes to the ITSl or ITS2 of Metschnikowia 
pulcherrima; Zygosaccharomyces bailii; Kluyveromyces thermotoleram; Candida stellata 
and Torulaspora delbruecUi. 

5. An oligonucleotide primer for identification of a fennentation-ielated 
microorganism, wherein said primer is selected from the group consisting of primers which 
contam at least 10 contiguous nucleotide bases from one of SEQ ID NOS: 16 to 24, primers 
which contain at least 10 contiguous nucleotide bases fix)m one of SEQ ID NOS: 16 to 24 
contiguous with 1 to 15 flanking nucleotide bases in the 5' and/or 3' direction of SEQ ID 
NOS: 6 to 1 5, and primers of 1 0 nucleotide bases or longer which contain at least 5 
contiguous nucleotide bases from one of SEQ ID NOS: 16 to 24 contiguous with from 1 to 15 
flanking nucleotide bases in the 5' and/or 3* direction of SEQ ID NOS: 6 to 1 5. 
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6. A pair of oligonucleotide primers for use in the amplification-based 
detection of an internal transcribed spacer sequence of a fennentation-related microorganism, 
wherein the primers are selected from the group consisting of primers which contain at least 

1 0 contiguous nucleotide bases from one of SEQ ID NOS: 16 to 24, primers \^iuch contain at 
least 10 contiguous nucleotide bases from one of SEQ ID NOS: 16 to 24 contiguous with 1 to 
15 flankmg nucleotide bases in the 5' and/or 3' direction of SEQ ID NOS: 6 to 15, and 
primers of 10 nucleotide bases or longer which contain at least 5 contiguous nucleotide bases 
from one of SEQ ID NOS: 16 to 24 contiguous with &om 1 to 15 flanking nucleotide bases in 
tile 5' and/or 3' direction of SEQ ID NOS: 6 to 15, 

7. The pair of oligonucleotide primers according to claim 6 which 
comprises SEQ ID NO: 16 and SEQ ID NO: 17. 

8. The pair of oligonucleotide primers according to claim 6 which 
comprises SEQ ID NO: 18 and SEQ ID NO: 19. 

9. Thepairof oligonucleotide primeis according to claim 6 which 
comprises SEQ ID NO: 20 and SEQ ID NO: 21 . 

1 0. The pair of oligonucleotide primers according to claim 6 which 
comprises SEQ ID NO: 23 and SEQ ID NO: 24. 

11. A method for detection of a fermentation-related microorganism 

comprising: 

(a) obtaining DNA from a ftmgal culture or colony isolated from a 
fermentation, or from an organism present in a fermentation beverage; 

(b) amplifying a part of the internal transcribed spacer sequence of said 
fermentation-related microorganism using said DNA as a template in a polymerase chain 
reaction with a pair of oligonucleotide primers according to claim 6; and 

(c) detecting said amplified part of the internal transcribed spacer 
sequence to determine whether said fermentation-related microorganism is present. 
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1 2. The meAod according to claim 11, wherein said fermentation-related 
microorganism is selected fiom the group consisting of Metschnikowia pulcherrima; 
Zygosaccharoniyces bailii; Kluyveromyces ihermotoleram; Candida stellata and Tondaspora 
delbrveckii. 

13. The method according to claim 12, wherein said fermentation culture 
or feroientation beverage is a wine fermentation culture or vwne fermentation beverage. 

14. The method according to claim 12, \nAerein the pair of oligonucleotide 
primers comprises SEQ ID NO: 16 and SEQ ID NO: 17. 

15. The method according to claim 12, wherein the par of oligonucleotide 
primers comprises SEQ ID NO: 18 and SEQ ID NO: 19. 

1 6. The method according to claim 1 2, wherein the pair of oligonucleotide 
primers comprises SEQ ID NO: 20 and SEQ ID NO: 21 . 

17. The method according to claim 12, wherein the paur of oligonucleotide 
primas comprises SEQ ID NO; 23 and SEQ ID NO: 24. 

18. A Wt comprising a carrier to receive therein one or more containo^ at 
least one of said containers comprismg an oligonucleotide primer acceding to claim 5. 

19. A kit comprising a carrier to receive therein one or more containers, at 
least one of said containers comprismg a pair of oligonucleotide primers according to claim 6. 
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SEQUENCE LISTING 

<110> E. & J. Gallo Winery 

<120> DETECTION OF FERMENTATION RELATED MICROORGANISMS 

<130> 29520/35994 

<140> 
<141> 

<160> 26 

<170> PatentIn Ver. 2.0 

<210> 1 
<211> 344 
<212> DNA 

<213> Metschnikowia pulcherrima 
<220> 

<221> misc_feature 

<222> (24) 

<223> At position 24, Y = C or T 
<220> 

<221> misc_f eature 
<222> (56) 

<223> At position 56, D = A, or T 
<220> 

<221> misc_feature 
<222> (58) 

<223> At position 58, W = A or T 
<220> 

<221> misc_feature 
<222> (60) 

<223> At position 60, R = A or G 
<220> 

<221> misc_f eaturie 
<222> (61) 

<223> At position 61, Y « C or T 
<220> 

<221> misc_feature 
<222> (70) 

<223>.At position 70, M = A or C 
<220> 

<221> misc_feature 
<222> (74) 

<223> At position 74, Y = C or T 

<220> 

<221> misc_feature 
<222> (76) 

<223> At position 76, R =: A or G 
<220> 

<221> misc feature 
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<222> (100) 

<223> At position 100, N = A, G, C, or T 
<220> 

<221> misc_f eature 
<222> (108) 

<223> At position 108, Y = C or T 
<220> 

<221> misc_feature 
<222> (109) 

<223> At position 109, W = A or T 
<220> 

<221> misc_feature- 
<222> (110) 

<223> At position 110, Y = C or T 
<220> 

<221> misc_feature 
<222> (111) 

<223> At position 111, W = A or T 
<220> 

<221> mis cofeature 
<222> (112) 

<223> At position 112, W = A or T 
<220> 

<221> misc_f eature 
<222> (114) 

<223> At position 114, H = A, C, or T 
<220> 

<221> mis cofeature 
<222> (115) 

<223> At position 115, M = A or C 
<220> 

<221> misc_feature 
<222> (341) 

<223> At position 341, K = G or T 
<220> 

<221> misc_f eature 
<222> (342) 

<223> At position 342, Y = C or T 
<400> 1 

ggaagtaaaa gtcgtaacaa ggtytccgta ggtgaacctg cggaaggatc attaadawtr 60 
ytattacacm cttytrggca caaactctaa atcttaaccn tcaataaywy wwthmaaaaa 120 
ctttcaacaa cggatctctt ggttctcgca tcgatgaaga acgcagcgaa ttgcgatacg 180 
taatatgact tgcagacgtg aatcattgaa tctttgaacg cacattgcgc cccggggtat 240 
tccccagggc atgcgtgggt gagcgatatt tactctcaaa cctccggttt ggtcctgctt 300 
cggcctaata tcaacggcgc tagaataagt tttagcccca kyct 344 

<210> 2 
<211> 372 
<212> DNA 

<213> Candida stellata 



<400> 2 
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ctgaaggctt 
gggtgtcgaa 
taaaactttc 
ataggtaatg 
gtttgtctaa 
ggtcttgctc 
gttatacact 



tttgccaaaa 
aggcgcccaa 
aacaacggat 
cgaattgcag 
tagcatgctt 
cttttaggag 
tt 



ccactgtgaa 
tctttaaaac 
ctcttggttc 
acgtgagtca 
gttggagtga 
ttaaaatcat 



cagcttagac 
ttttatattt 
tcgtatcgat 
ttgaattttt 
taatcttcct 
ggaagtgcac 



ttcggtcttt 
gttctgaaac 
gaagaacgca 
gaacgcatat 
ctcaaccatt 
acgttaatta 



gcaattgctt 60 
aatgaaaatt 120 
gcaaagcgcg 180 
tgcgctatta 240 
tttggtatga 300 
actctgtgca 360 
372 



<210> 3 
<211> 697 
<212> DNA 

<213> Zygosaccharomyces bailii 



<400> 3 

tagaacaatt 

ctgcgcttaa 

tttacacaca 

cttccagagg 

aataatacag 

tcttggttct 

attccgtgaa 

gcctgtttga 

tttattattt 

aggcggaaac 

ccgacagacg 

ttttttgcgc 



tctcgattga 
tfcgcgcggtc 
gtggagtttc 
taaacacaaa 
tcaaaacgaa 
cgcatcgatg 
tcatcgaatc 
gcgtcatttc 
gggttaactt 
gtcttgctct 
ggactaggag 
gccttgggca 



ctatctggac 
tagagcggag 
tacttttttt 
caattttttt 
tactaaaaca 
aagaacgcag 
tttgaacgca 
cttctcaaac 
gaaattgcaa 
cctctttcct 
attgggtgag 
aacaatactc 



cagttgtgtt 
ggagttaagc 
attcttcttt 
tattttattt 
aaaaatattc 
cgaaatgcga 
cattgcgccc 
attcgtgttt 
gccttttggg 
aaccaaatgt 
tgatagcaat 
tcaaagt 



ctttctgttt 
atagtbgctt 
gggaggatgg 
tattttatta 
aaaactttca 
tacgtaatgt 
cttggtattc 
ggtagtgagt 
gacgcgtgtg 
cgtattaggt 
atcgagctct 



tttttaaggc 60 
tggctttcaa 120 
gttcgtcccg 180 
ttataataat 240 
acaacggatc 300 
gaattgcaga 360 
cagggggcat 420 
gatactctgt 480* 

ggtgagtttt 540 

tttaccgact 600 
gcctaatttt 660 
697 



<210> 4 
<211> 588 

<212> DNA 

<213> Kluyveromyces thermotolerans 



<220> 

<221> misc_f eature 

<222> (38) 

<223> At position 38, N 



= A, G, C or T 



<220> 

<22l5i misc_feature 
<222> (530) 

<223> At position 530, N = A, G, C, 



or T 



<400> 4 

aagaattttg 

gatgctttct 

cgcttcttct 

aacattgtca 

tcttggttct 

tattcgtgaa 

gcctgtttga 

ctgggttaac 

cgctgatact 

ggcttttact 



ttagagcagc 
gttaacgact 
ttgggcttta 
attatttttc 
cgcatcgatg 
tcatcgaatc 
gcgtcatttc 
ttgaaaatgc 
ctgcgtatta 
gaaagtacag 



cgggaaagtt 
gtctctctac 
cggcccaagg 
attttagaaa 
aagaacgcag 
tttgaacgca 
cttctcaaac 
tggccatctg 
ggttttacca 
acagtctggc 



cagaagcntg 
acacacactg 
gttacaaaca 
aaaaatattt 
cgaaatgcga 
cattgcgccc 
cctcgggttt 
gctgttgctg 
actcgtagtg 
aaacagtatt 



cgcttgattg 
tggagtaatt 
caaacaacta 
aaaactttca 
taagtattgt 
tctggtattc 
ggtagtgagt 
actgaggttt 
gcgttagtan 
cataaagt 



cgcggccgat 60 
tattttacaa 120 
ttgtatttta 180 
acaacggatc 240 
gaattgcaga 300 
<^agggggcat 360 
ggtactcttt 420 
tagtccagtc 480 
gcgttttaaa 540 
588 



<210> 5 
<211> 710 
<212> DNA 

<213> Torulaspora delbrueckii 
<400> 5 

gagaaatcta tatgaatgaa gttagaggac gtctaaagat actgtaagag aggatcaggt 60 
tcaagaccag cgcttaattg cgcggttgcg gcttggttcg ccttttgcgg aacatgtctt 120 
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ttctcgttgt taactctact tcaacttcta caacagtgtg gagttttcta cacaactttt 180 
cttctttggg aagatacgtc ttgtgcgtgc ttcccagagg tgacaaacac aaacaacttt 240 
ttattattat aaaccagtca aaaccaattt cgttatgaaa ttaaaaatat ttaaaacttt 300 
caacaacgga tctcttggtt ctcgcatcga tgaagaacgc agcgaaatgc gatacgtaat 360 
gtgaattgca gaattccgtg aatcatcgaa tctttgaacg cacattgcgc cccttggtat 420 
tccagggggc atgcctgttt gagcgtcatt tccttctcaa acaatcatgt ttggtagtga 480 
gtgatactct gtcaagggtt aacttgaaat tgctagcctg ttatttggtt gtgattttgc 540 
tggcttggat gactttgtcc agtctagcta ataccgaatt gtcgtattag gttttaccaa 600 
Gttcggcaga ctgtgtgttg gctcgggcgc tttaaagact ttgtcgtaaa cgatttatcg 660 
tttgtttgag cttttcgcat acgcaatccg gcgaacaata ctctcaaagt 7lo 

<210> 6 
<211> 63 
<212> DNA 

<213> Metschnikowia pulcherrima 
<220> 

<221> misc_feature 
<222> (2) 

<223> At position 2, D= A/ G, or T 
<220> 

<221> misc_feature 
<222> (4) 

<223> At position 4, W = A or T 
<220> 

<221> misc_feature 
<222> (6) 

<223> At position 6, R = A or G 

<220> 

<221> misc_feature 
<222> (7) 

<223> At position 7, Y = C or T 
<220> 

<221> misc_feature 
<222> (16) 

<223> At position 16, M = A or C 
<220> 

<221> misc__feature 
<222> (20) 

<223> At position 20, Y = C or T 
<220> 

<221> misc_feature 
<222> (22) 

<223> At position 22, R = A or G 

<220> 

<221> misc^f eature 
<222> (46) 

<223> At position 46, N = A, G, C, or T 

<220> 

<221> Tnisc_feature 
<222> (54) 

<223> At position 54, Y = C or T 
<220> 
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<221> misc_feature 
<222> (55) 

<223> At position 55, W = A or T 
<220> 

<221> misc_feature 
<222> (56) 

<223> At position 56, Y = C or T 
<220> 

<221> misc_feature 
<222> (57) 

<223> At position 57, W = A or T 
<220> 

<221> misc_feature 
<222> (58) 

<223> At position 58, W = A or T 
<220> 

<221> misc_feature 
<222> (60) 

<223> At position 60, H = A, C, or T 

<220> 

<221> misc_feature 
<222> (61) 

<223> At position 61, M =: A or C 
<400> 6 

adawtrytat tacacmctty trggcacaaa ctctaaatct taaccntcaa taaywywwth 60 

• 63 

<210> 7 
<211> 73 
<212> DNA 

<213> Metschnikowia pulcherrima 

<220> 

<221> mis cofeature 
<222> (70) 

<223> At position 70, K = g or T . . 
<220> 

<221> misc_feature 
<222> (71) 

<223> At position 71, Y = C or T 

<400> 7 

actctcaaac ctccggtttg gtcctgcttc ggcctaatat caacggcgct agaataagtt 60 
ttagccccak yet 73 

<210> 8 
<211> 122 
<212> DNA 

<213> Candida stellata 
<400> 8 



ctgaaggctt tttgccaaaa ccactgtgaa cagcttagac ttcggtcttt gcaattgctt 60 
gggtgtcgaa aggcgcccaa tctttaaaac ttttatattt gttctgaaac aatgaaaatt 120 

122 
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<210> 9 
<211> 89 
<212> DNA 

<213> Candida stellata 



<400> 9 

aaccattttt ggtatgaggt cttgctcctt ttaggagtta aaatcatgga agtgcacacg 60 
ttaattaact ctgtgcagtt atacacttt 89 

<210> 10 
<211> 281 
<212> DNA 

<213> Zygosaccharomyces bailii 
<400> 10 

tagaacaatt tctcgattga ctatctggac cagttgtgtt ctttctgttt tttttaaggc 60 
ctgcgcttaa ttgcgcggtc tagagcggag ggagttaagc atagttgctt tggctttcaa 120 
tttacacaca gtggagtttc tacttttttt attcttcttt gggaggatgg gttcgtcccg 180 
cttccagagg taaacacaaa caattttttt tattttattt tattttatta ttataataat 240 
aataatacag tcaaaacgaa tactaaaaca aaaaatattc a 281 

<210> 11 
<211> 258 
<212> DNA 

<213> Zygosaccharomyces bailii 
<400> 11 

ccttctcaaa cattcgtgtt tggtagtgag tgatactctg ttttattatt tgggttaact 60 
tgaaattgca agccttttgg ggacgcgtgt gggtgagttt taggcggaaa cgtcttgctc 120 
tcctctttcc taaccaaatg tcgtattagg ttttaccgac tccgacagac gggactagga 180 
gattgggtga gtgatagcaa tatcgagctc tgcctaattt tttttttgcg cgccttqggc 240 
aaacaatact ctcaaagt ^ ^ ^ a^sa 

<210> 12 
<211> 221 
<212> DNA 

<213> Kluyverotnyces thermotolerans 
<220> 

<221> misc_feature 
<222> (38) 

<223> At position 38, N = A, G, C, or T 
<400> 12 . 

aagaattttg ttagagcagc cgggaaagtt cagaagcntg cgcttgattg cgcggccgat 60 
gatgctttct gttaacgact gtctctctac acacacactg tggagtaatt tattttacaa 120 
cgcttcttct ttgggcttta cggcccaagg gttacaaaca caaacaacta ttgtatttta 180 
aacattgtca attatttttc attttagaaa aaaaatattt a 221 

<210> 13 
<211> 209 
<212> DNA 

<213> Kluyveromyces thermotolerans 
<220> 

<221> mis cofeature 
<222> (151) 
. <223> At position 151, N = A, G, C or T 

<400> 13 

ccttctcaaa ccctcgggtt tggtagtgag tggtactctt tctgggttaa cttgaaaatg 60 
ctggccatct ggctgttgct gactgaggtt ttagtccagt ccgctgatac tctgcgtatt 120 
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aggttttacc aactcgtagt ggcgttagta ngcgttttaa aggcttttac tgaaagtaca 180 
gacagtctgg caaacagtat tcataaagt 209 



<210> 14 
<211> -293 
<212> DWA 

<213> Torulaspora delbrueckii 



<400> 14 

gagaaatcta tatgaatgaa gttagaggac gtctaaagat actgtaagag aggatcaggt 60 
tcaagaccag cgcttaattg cgcggttgcg gcttggttcg ccttttgcgg aacatgtctt 120 
ttctcgttgt taactctact tcaacttcta caacactgtg gagttttcta cacaactttt 180 
cttctttggg aagatacgtc ttgtgcgtgc ttcccagagg tgacaaacac aaacaacttt 240 
ttattattat aaaccagtca aaaccaattt cgttatgaaa ttaaaaatat tta 293 



<210> 15 
<211> 259 • 
<212> DNA 

<213> Torulaspora delbrueckii 
<400> 15 

ccttctcaaa caatcatgtt tggtagtgag tgatactctg tcaagggtta acttgaaatt 60 
gctagcctgt tatttggttg tgattttgct ggcttggatg actttgtcca gtctagctaa 120 
taccgaattg tcgtattagg ttttaccaac ttcggcagac tgtgtgttgg ctcgggcgct 180 
ttaaagactt tgtcgtaaac gatttatcgt ttgtttgagc ttttcgcata cgcaatccqq 240 
cgaacaatac tctcaaagt aa 

<210> 16 
<211> 20 
<212> DNA 

<213> Oligonucleotide MXL258 
<400> 16 

aagcaggacc aaaccggagg 2o 

<210> 17 
<211> 20 
<212> DNA 

<213> Oligonucleotide MXL 268 
<400> 17 

tattaggccg aagcaggacc 2o 

<210> 18 
<211> 22 
<212> DNA 

<213> Oligonucleotide CsF 
<400> 18 

tttgccaaaa ccactgtgaa ca 22 

<210> 19 
<211> 21 
<212> DNA 

<213> Oligonucleotide CsR 



<400> 19 

tttaaagatt gggcgccttt c 

<210> 20 
<211> 18 
<212> DNA 



21 
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<213> Oligonucleotide QAZ165 
<400> 20 

fcgggaggatg ggttcgtc 

<210> 21 
<211> 21 
<212> DNA 

<213> Oligonucleotide QAZ622 
<400> 21 

gctatcactc acccaatctc c 

<210> 22 
<211> 19 
<212> DNA 

<213> Oligonucleotide GSZ450 
<400> 22 

acctcagtca gcaacagcc 

<210> 23 
<211> 33 
<212> DNA 

<213> Oligonucleotide TdFl 
<400> 23 

ctatatgaat gaagttagag gacgtctaaa gat 

<210> 24 
<211> 22 
<212> DNA 

<213> Oligonucleotide TdRl 
<400> 24 

ggaagcacgc acaagacgta tc 

<210> 25 
<211> 22 
<212> DNA 

<213> Oligonucleotide ITS5 
<400> 25 

ggaagtaaaa gtcgtaacaa gg 

<210> 26 

<211> 20 

<212> DNA 

<213> Oligonucleotide ITS4 
<220> 
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21 



19 



33 



22 



<400> 26 

tcctccgctt attgatatgc 
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